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of	 the	 physical	 simulation	 is	 to	 provide	 Volkswagen	 with	 new	 insights	 for	 their	
connected	vehicles	 -	 a	 feature	 they	hope	 to	have	 in	 their	 future	automobiles.	This	
connected	 vehicle	 feature	will	 allow	people	 to	 see	 the	 traffic	 around	 them	 in	 real	
time.	To	allow	this,	a	group	of	graduate	students	are	going	to	produce	a	simulation	
to	 model	 connected	 vehicles	 traveling	 through	 a	 network	 of	 roads.	 They	 will	 be	
developing	policies	and	algorithms	to	help	drivers	make	decisions	on	speed,	route,	
and	 signals	 in	 order	 to	 improve	 mobility	 and	 energy	 consumption.	 Therefore,	 to	
serve	 as	 a	 secure	 framework	 for	 this	 simulation,	 our	 group	 will	 research	 and	
develop	a	simulation	model	depicting	conventional	or	connected	cars	in	travel	with	
the	 ability	 to	 receive	 a	 set	 of	 inputs	 and	 report	 all	 outputs.	 This	 includes	
programming	four	traffic	 intersections.	To	ensure	the	simulation	model	developed	



































In	 the	 Industrial	 and	 Systems	 Engineering	 curriculum	 at	 the	 University	 of	
Tennessee,	the	senior	students	must	complete	the	senior	design	course	to	graduate.	
Within	this	course,	students	are	expected	to	not	only	integrate	all	the	courses	within	
the	 curriculum	 from	 the	 leadership	 seminars,	 project	 planning,	 and	 statistics	
courses,	 but	 to	 apply	 them	 within	 a	 final	 project	 given	 by	 real-world	
companies/sponsors	 to	 stimulate	 the	 student’s	 mind	 as	 an	 engineer.	 Volkswagen	
has	been	exploring	their	options	of	manufacturing	vehicles	with	the	ability	to	have	
connected	 travel.	 In	 order	 to	 help	 develop	 the	 research	 and	 framework	 of	 these	
endeavors,	 they	have	 reached	out	 to	 the	 students	of	The	University	 of	Tennessee,	
Knoxville	 to	 help	 further	 their	 research	 and	 to	 begin	 to	 develop	 a	 higher	
understanding	of	the	constraints,	requirements,	and	process	of	connected	vehicles.	
To	satisfy	 these	requirements,	 the	goal	 for	 the	senior	design	group	 is	 to	develop	a	
simulation	 of	 a	 traffic	 intersection	 representing	 various	 traffic	 and	 driving	
behaviors.	In	order	to	do	this,	the	design	team	(research	team)	will	need	to	use	their	
understanding	of	project	management,	 conceptual	design,	preliminary	design,	 and	
systems	engineering.	Given	 the	expectations,	 the	 research	 team	developed	project	







In	 order	 to	 develop	 an	 accurate	 and	 ultimately	 useful	 representation	 of	
connected	vehicles,	certain	requirements	must	be	followed.	Specifically	designing	to	
all	 of	 the	 proper	 requirements	 laid	 out	 for	 the	 project	 will	 end	 up	 saving	 time,	
money,	 or	 other	 resources	 used.	 Throughout	 the	 conceptual	 design	 process,	 the	
team	 can	 formulate	 exactly	what	 technical	 needs	 should	be	 addressed	 so	 that	 the	





The	usefulness	of	our	model	 to	 the	researchers	of	Volkswagen	 is	 reliant	on	
the	 realism	 of	 the	 connected	 vehicle	 intersection	 patterns	 developed	 	 and	 the	













real	 world.	 This	 will	 allow	 for	 a	 more	 familiar	 visual	 representation	 of	 the	
intersections	and	in	turn	provide	more	accurate	tests	or	results	associated	with	the	
traffic.	 The	 team	 shall	 start	 by	modeling	 one	 certain	 intersection	 and	 developing	
that	into	two	consecutive	intersections	later.	Finally,	this	is	developed	into	a	traffic	





The	patterns	 and	drivers	 themselves	 are	depicted	best	by	 a	data	 collection	
process	 of	 actual	 traffic.	 Documentation	 of	 intersections	 and	 data	 collecting	
software	were	options	to	be	used	to	aid	the	team’s	compilation	of	data.	Specifically,	
the	 GPSTrackit	 software	was	 intended	 to	 provide	 the	 team	with	 accurate	 driving	








Given	 that	 this	 project	 is	 through	 the	 university	 but	 sponsored	 by	
Volkswagen,	there	was	a	small	budget	that	needed	to	be	accounted	for.	Volkswagen	
may	potentially	 invest	more	money	 in	 the	 future	 towards	 their	 research,	however	
the	 simulation	 model	 itself	 would	 not	 require	 a	 large	 amount	 of	 funds.	 The	
simulation	 software	 being	 utilized	 is	 a	 free	 student	 download	 from	 the	 AnyLogic	







as	 well	 as	 properly	 represent	 the	 intersections.	 	It	 was	 important	 that	 the	 team	
constantly	saved	and	documented	the	progress	of	the	model	and	project	as	a	whole.	











analyzing.	 Different	 input	 options	 of	 probabilities	 and	 the	 functions	 of	 AnyLogic	
such	as	delay,	hold,	selected	outputs,	and	others	were	used	to	produce	a	simulation	






being	 presented	 to	 classmates	 and	 sponsors.	 The	 team	 looked	 to	 members	 with	
simulation	 experience	 and	 located	 existing	 information	 concerning	 AnyLogic	 or	
simulation	 models	 on	 the	 internet	 to	 help	 in	 the	 development	 of	 a	 simple	 and	
functioning	simulation.	 It	was	 important	 that	 the	simulation	be	understood	by	 the	






results	 from	 it.	 The	 team	 conducted	 final	 details	 to	 the	 model	 and	 ran	 multiple	
simulation	 tests	 to	 analyze	 the	 data	 studied.	 Multiple	 runs	 provided	 the	 best	
representation	of	the	driver	patterns.	Animation	of	the	intersection	on	real-time	will	
provide	 Volkswagen	 with	 a	 visual	 representation	 that	 is	 easy	 to	 watch	 and	
understand.	The	final	project	follows	all	other	specifications	and	correlates	with	the	
overall	plan	designed.	It	was	then	presented	to	the	sponsors	and	instructors	where	







simulation	model	 are	what	will	 help	 illuminate	 the	 relations	between	drivers	 and	
vehicles.	 To	 help	 with	 the	 flexibility	 requirements	 and	 usefulness	 of	 the	 model,	
several	different	inputs	into	the	system	were	needed.	These	inputs	reflect	the	data	












	 When	 the	 simulation	 is	 run,	 the	 system	 is	 animated	 and	 shows	 real	 time	
analysis	of	the	data	and	interactions	within	the	intersections.	This	is	where	patterns	
of	how	the	vehicles	are	interacting	are	displayed	in	a	way	that	is	informative	to	the	
user.	Multiple	 charts	 and	 time	 studies	 are	 analyzed	 for	different	 statistics.	 	 It	was	





























Provides	 research	 team	 the	 approval	 and	 sponsorship	 for	 the	
project.	 Due	 to	 the	 needs	 and	 opportunities	 of	 traveling,	
specifically	traffic	and	various	available	routes,	Volkswagen	has	a	
desire	 for	 a	 way	 to	 have	 vehicles	 interactively	 connected	 to	
provide	 the	 fastest	 or	 shortest	 route	 desired.	 It	 has	 budget	




Assists	 team	 in	 any	 way	 needed	 for	 modeling	 and	 simulation	

























will	 give	 the	 students	 who	 have	 not	 completed	 the	 simulation	 course	 a	 base	 of	
knowledge	to	aid	in	the	process.	Yes,	we	are	confident	we	have	enough	expertise	to	
be	able	to	complete	the	assignment. 
Are	 we	 able	 to	 access	 the	 information	 that	 we	 need	 to	 learn	 the	 modeling	 skills	
necessary? 
There	is	plenty	of	information	online	on	how	to	effectively	use	AnyLogic	such	
as	 technical	 documents	 from	AnyLogic,	 YouTube	 videos	 explaining	modeling,	 and	
example	 models	 from	 AnyLogic.	 Furthermore,	 we	 have	 a	 textbook	 on	 simulation	
modeling	for	AnyLogic	in	addition	to	professors	and	graduate	students	who	will	be	
available	 to	 help	 us.	 Yes,	 we	 have	 access	 to	 sufficient	 information	 to	 learn	 the	
necessary	modeling	skills. 
Operational	Feasibility: 
Are	 we	 able	 to	 make	 progress	 in	 a	 steady	 manner	 without	 significant	 regression	
issues? 
Regression	issues	would	only	exist	on	this	project	if	we	were	unable	to	save	
our	 files	 reliably	 or	 if	 our	 work	 was	 performed	 unsteadily	 to	 the	 point	 where	
information	was	forgotten	between	each	working	session.	AnyLogic	is	able	to	save	
our	 files	 reliably.	 However,	 there	 might	 be	 slight	 regression	 issues	 if	 we	 are	 not	




AnyLogic	 software	 for	 all	 students,	 a	 place	 to	 meet	 regularly,	 platforms	 for	
communication,	 data	 collection	 software/	 hardware,	 access	 to	 professors	 and	
graduate	 students,	 and	 information	 on	 simulation	 modeling.	 Every	 one	 of	 these	
items	is	accounted	for	except	the	data	collection	software/	hardware	which	we	are	
10 
in	 the	 process	 of	 buying.	 We	 have	 enough	 money	 available	 to	 purchase	 this	
equipment,	so	yes	we	do	have	enough	resources. 
Timeline	Feasibility: 
Do	 we	 have	 enough	 time	 to	 complete	 our	 project	 up	 to	 the	 standards	 of	 the	
requirements? 
The	 project	 must	 be	 completed	 by	 April	 29,	 2016.	 That	 gives	 us	
approximately	 6	months	 from	 now	 to	 complete	 the	 project.	 Though	we	 have	 not	












Are	our	workers	organized	 in	 such	a	way	 that	 there	are	not	any	significant	barriers	
opposing	the	completion	of	work? 
Due	 to	 the	 fact	 that	 our	 team	 is	 relatively	 small	 (5	 members)	 with	 a	 flat	
hierarchical	system,	we	see	no	reason	to	believe	there	will	be	any	significant	work	
barriers	 between	 our	 team	 members.	 Our	 sponsor	 and	 professor	 in	 charge	 of	
assigning	 the	 project	 are	 both	 cooperative,	 so	 yes	 we	 believe	 our	 workers	 are	
organized	 in	 a	 way	 to	 prevent	 opposition	 from	 our	 work	 due	 to	 worker	
organization. 
Do	we	have	enough	position	power	to	complete	this	project? 
Though	 we	 are	 still	 only	 undergraduate	 students,	 we	 have	 been	 given	
authority	to	access	a	computer	lab	for	most	hours	of	the	day	with	little	restrictions.	


















have	 not	 changed,	 after	 doing	 an	 analysis	 from	 then	 versus	 now,	 there	 are	 some	
feasibility	specifications	that	have	been	updated	over	time.	 
Within	 the	 technical	 feasibility,	 during	 phase	 two	 of	 the	 project,	 all	 group	
members	 have	 now	 experienced	 an	 introductory	 level	 or	 more	 of	 the	 simulation	
curriculum.	This	gave	the	group	an	upperhand	on	the	simulation	design	portion	in	
regards	 to	 expertise	 and	 knowledge	 of	 the	 software.	 In	 regards	 to	 the	 timeline	
feasibility,	 the	 simulation	was	due	on	April	29,	2016,	but	was	not	 fully	 completed	
until	 May	 10,	 2016.	 Lastly,	 as	 far	 as	 the	 financial	 feasibility,	 there	 were	 several	





Operational	 requirements	 are	 those	 statements	 that	 "identify	 the	 essential	
capabilities,	 associated	 requirements,	 performance	 measures,	 and	 the	 process	 or	
series	 of	 actions	 to	 be	 taken	 in	 affecting	 the	 results	 that	 are	 desired	 in	 order	 to	
address	 mission	 area	 deficiencies,	 evolving	 applications	 or	 threats,	 emerging	
technologies,	or	system	cost	improvements.	Operations	requirements	are	the	basis	










The	 goal	 is	 to	 create	 a	 vehicle	 that	 can	 participate	 in	 connective	 traveling.	
This	vehicle	will	have	technology	that	will	gather	data	about	the	user	and	the	user	
environment	 to	 present	 information	 about	 the	 traveler	 and	 where	 they	 are	
traveling. 
This	product	will	be	present	within	the	vehicle.	Using	technologies	 like	GPS	














most	 from	 our	 simulation.	 These	 were	 defined	 as	 usability,	 output	 data	 quality,	








	 As	 you	 can	 see,	 the	 customer	 requirements	 were	 ranked	 from	 most	
important	 to	 least	 as	 quality	 of	 output	 data,	 usability,	 simulation	 reliability,	 and	
affordability.	This	is	because	the	most	important	characteristic	of	our	simulation	is	
its	 quality	 in	 relation	 to	 the	 statistical	 traffic	 output	 data.	 Having	 a	 cheap	 and	
reliable	 simulation	 that	 never	 crashes	 is	 a	 given	 if	 the	 inputs	 and	 outputs	 are	 all	




The	 next	 important	 customer	 requirement	 is	 that	 the	 simulation	 will	 not	
crash.	 This	 includes	 reliable	 data	 as	 well	 as	 the	 simulation	 itself,	 which	 may	
experience	 bugs	 that	 cause	 it	 to	 fail.	 This	 was	 put	 as	 third	 important	 because	 a	
simulation	 failing	 may	 be	 inconvenient,	 however	 it	 can	 be	 run	 again	 until	 the	
desired	results	are	 found.	The	 least	 important	requirement	 is	affordability.	This	 is	
because	the	scope	of	the	project	implies	that	the	simulation	cost	will	not	be	an	issue	
for	Volkswagen.	Any	driving	data	 software	used	would	 also	be	 an	 additional	 cost.	
This	would	at	most	be	a	couple	thousand	dollars,	which	is	almost	negligible.	 




defined	 as	 accurately	 depicted	 drivers,	 satisfying	 the	 two	 basic	 rules,	 clear	 inputs	
and	outputs,	and	eliminate	failures.	These	were	chosen	because	they	are	factors	we	
can	 control	quantitatively.	As	Figure	5’s	 relationship	matrix	 shows,	many	of	 these	
technical	 design	 characteristics	 have	 little	 relation	 to	 certain	 customer	
requirements.	This	is	because	having	accurately	modeled	drivers	and	satisfied	rules	






found.	With	 our	 traffic	 rules,	we	 established	 the	 two	 rules	 and	 ensured	 that	 they	
were	 followed.	 Analyzing	 the	 output	 data	 gives	 information	 on	 the	 potential	
improvements	of	traffic	flow	times	and	waiting	times	at	specific	intersections. 
The	 target	 value	 for	 having	 clear	 inputs	 and	 outputs	 included	 having	 a	
hypothesis	test	to	ensure	that	the	rules	were	followed.	This	was	measured	by	using	
mean	values	of	 traffic	 flow	to	compare	them	to	the	hypothesis	 that	 the	rules	were	




This	 is	 following	 the	 six	 sigma	 rate,	 meaning	 that	 the	 percentage	 of	 failures	 fall	
outside	of	six	standard	deviations.	For	the	scope	of	our	product	this	failure	rate	will	
be	difficult	to	measure	since	we	do	not	have	the	time	to	test	our	simulation	a	million	









Volkswagen	 project	 is	 providing	 a	 simulation	 to	 serve	 as	 the	 framework	 for	 the	
connected	vehicles	simulation,	two	functional	flow	diagrams	were	made,	one	for	the	
designer	and	one	for	the	user.	 
	 The	 functional	 flow	diagram	from	the	designer’s	perspective	can	be	seen	 in	
Figure	9.	The	first	block	was	accomplished	 in	the	Fall	semester,	which	defined	the	
requirements	 for	 our	 simulation.	 The	 next	 step	was	 to	 create	 a	 traffic	 simulation	










an	 event	 that	 would	 change	 the	 light	 parameters	 when	 the	 wait	 times	 of	 one	
direction	were	20	seconds	greater	than	the	weight	time	of	the	other.	 
	 After	 accomplishing	 rule	 one	 and	 rule	 2,	 the	 next	 step	was	 to	 create	 three	
more	of	this	intersection	and	combine	them.	Next,	testing	needs	to	be	done	to	make	
sure	 that	 cars	 are	 not	 colliding	 and	 that	 they	 are	 obeying	 traffic	 rules.	While	 this	
step	 is	being	accomplished,	 it	 is	also	necessary	to	ensure	that	 the	two	traffic	rules	
are	being	followed.	After	this,	the	average	time	in	system	will	be	compared	between	
a	traffic	simulation	with	and	without	the	traffic	rules	implemented.	The	final	step	is	
then	 for	 the	 simulation	 to	 be	 transferred	 to	 the	 graduate	 students.	 This	 step	









on	 a	 feature	 for	 our	 simulation,	 the	 question	 is	 asked	 of	what	 the	 graduate	 team	
wants.	This	functional	flow	diagram	can	be	seen	in	Figure	6.	 





cannot	 go	 into	 since	 we	 do	 not	 have	 the	 knowledge	 on	 coding	 for	 connected	
vehicles,	 since	 otherwise	 our	project	would	have	done	 this.	 Finally	 the	 testing	 for	

















VisSim	 is	 a	 block	 diagram	 language	 used	 for	 modeling	 and	 simulating	
complex	dynamic	systems	[9]. 
We	have	interest	in	their	line	of	products	called	the	Vision	Traffic	Suite.	This	
line	of	products	has	software	 that	covers	 the	“entire	range	of	 transport	planning	 -	
17 
from	 strategic	 planning	 and	 traffic	 engineering	 to	 vehicle	 and	 pedestrian	

















agent	 based,	 and	 discrete	 event	 modeling	 methods	 [11].	 	 One	 reason	 we	 are	
interested	 in	 AnyLogic	 because	 it	 is	 the	 simulation	 tool	 that	 our	 team	 is	 most	
familiar	with,	as	 two	of	our	members	have	 taken	a	course	studying	AnyLogic.	 It	 is	
also	a	desirable	option	because	it	has	the	advantage	of	being	a	lower	level	software	
that	 VisSim,	meaning	 that	more	 alterability	 is	 available	 in	 the	model.	 This	 higher	













the	 research	 of	 the	 graduate	 students,	 we	 will	 be	 using	 AnyLogic	 for	 risk	
minimization.	AnyLogic	will	also	be	helpful	to	better	understand	the	mechanics	that	





In	order	 to	 collect	our	own	data,	 a	 software	 system	 that	 allows	us	 to	 track	
individual	diver	actions	was	considered.	After	researching	several	options,	we	found	
one	 that	 fit	 the	 description	 -	 GPS	 Trackit.	 GPS	 Trackit	 is	 a	 fleet	 tracking	 software	
employing	 GPS	 systems	 to	 measure	 driver	 performance	 for	 optimization	 of	
performance	and	cost	reduction	[12].	It	gathers	data	through	a	device	connected	to	

























collecting	 device	 is	 attached	 to	 a	 car,	 then	 information	 will	 be	 collected	
continuously.	For	private	vehicles	participating	in	a	scientific	study,	this	is	a	serious	
concern	as	it	is	an	invasion	of	privacy	to	have	information	on	what	the	test	subjects	
do	 at	 all	 hours	 of	 the	 day.	 To	 remedy	 this	 solution,	 we	 spoke	 with	 GPS	 TrackIt	
representatives	to	feature	a	disabling	switch	for	certain	non-experimentation	hours.	 
Also,	since	tests	were	to	be	performed	on	human	subjects	(though	our	team	
members	 might	 be	 the	 only	 subjects),	 approval	 from	 Institutional	 Review	 Board	
(IRB)	 on	 the	 safety	 of	 the	 experiments	 would	 have	 been	 necessary.	 For	 this	
approval,	 a	 proposal	 including	 headings	 such	 as:	 purpose	 of	 investigation	 and	
procedures,	 anticipated	 risk	 and	 potential	 benefits	 to	 participants,	 steps	 taken	 to	






and	 1	 month	 test	 duration	 for	 each	 driver.	 We	 planned	 on	 the	 study	 to	 take	 2	
months	where	data	on	the	first	5	cars	will	be	collected	in	month	1,	and	the	other	5	










As	 the	 semester	 progressed,	 action	was	 taken	 to	 purchase	 the	GPS	TrackIt	
software.	However	complications	 from	the	 fact	 that	 the	 institution	 	would	have	 to	













select	 the	 best	 method	 for	 creating	 a	 simulation	 that	 would	 assist	 Volkswagen’s	
research	with	connected	vehicles.	Through	 the	need	 identification,	we	defined	 the	
simulation	 that	 Volkswagen	 needed	 as	 a	 traffic	 model	 of	 two	 connected	
intersections.	 The	 advanced	 systems	planning	 then	discussed	how	 this	 simulation	
would	be	created	and	the	data	needed	for	it.	The	feasibility	analysis	then	reviewed	
the	 plan	 in	 terms	 of	 its	 technical	 feasibility,	 operational	 feasibility,	 timeline	











When	creating	 the	AnyLogic	Simulation,	 it	was	necessary	 to	ensure	 that	all	
possible	 routes	 were	 capable.	 This	 required	 not	 only	 having	 the	 physical	
intersection	 created	 completely,	 but	 it	 also	 needed	 the	 logic	 to	 allow	 each	 car	 to	
reach	each	destination.	In	Figure	10	we	see	a	segment	of	the	logic	that	accomplished	




is	 the	 top	 left	 intersection,	and	so	on.	To	 further	clarify	 the	 logic,	white	rectangles	
were	 drawn	 and	 labeled	 to	 show	 the	 entry	 points,	 exit	 points,	 traffic	 lights,	 and	
move	to’s.	 
This	 logic	may	not	appear	 complex,	however	 the	 intricacy	of	 the	 system	has	been	















This	 random	 seed	 changes	 the	 distribution	 because	 there	 is	 no	 purely	 random	
number	generator	on	AnyLogic.	Instead	there	is	a	pseudorandom	number	generator	











of	 the	 amount	 of	 times	 car	wait	 on	 average	 between	 each	 light.	 Therefore	 it	was	
necessary	to	find	the	average	time	spent	between	each	light	so	as	to	compare	said	
times.	The	final	statistic	considered	was	the	total	time	spent	in	system	for	each	car.	
This	was	 a	 useful	 statistic	 not	 for	 establishing	 the	 two	 rules,	 but	 for	 showing	 the	
benefits	of	employing	the	smart	traffic	light	system.	The	goal	of	this	statistic	was	to	
find	 the	 difference	 between	 the	 time	 spent	 in	 system	with	 the	 smart	 traffic	 light	
system	 and	 without	 it.	 This	 difference	 can	 be	 used	 to	 show	 the	 amount	 of	 time,	
money,	and	gas	saved	from	employing	these	two	rules. 
As	 Figure	 11	 shows,	 the	 average	 distribution	 of	 times	 spent	 in	 the	 system	
were	 ranging.	 Some	 cars	 only	 spent	 25	 seconds,	whereas	 other	 cars	 spent	 nearly	
200.	This	is	partially	due	to	the	size	of	the	routes	for	each	car.	Some	cars	only	have	
to	make	one	right	turn	whereas	other	cars	are	cycling	throughout	the	whole	system.	
















intersection	 or	 the	 bottom	 two.	 Finally	 after	 deciding	 between	 the	 four	
intersections,	the	third	letter	is	either	“L”	for	left,	“R”	for	right,	“T”	for	top,	or	“B”	for	











The	 difficulty	 with	 this	 event	 is	 that	 there	 is	 a	 give	 and	 take	 with	 its	
recurrence	 time.	 The	 shorter	 the	 recurrence	 time,	 the	 quicker	 the	 event	 would	
realize	 when	 there	 are	 zero	 cars	 in	 one	 direction.	 This	 is	 more	 efficient	 since	 it	
allows	the	stopped	cars	to	drive	sooner.	On	the	other	hand,	the	shorter	recurrence	
can	 lead	 to	 an	 unnatural	 looking	 light.	 If	 the	 recurrence	 time	were	 less	 than	 one	
second	 and	 there	were	 no	 cars	 present	 at	 the	 intersection	 at	 all,	 the	 light	 would	








The	 solution	 to	 Rule	 2	 was	 more	 difficult	 to	 solve,	 due	 to	 the	 complexity	
behind	 finding	 the	 average	 time	 spent	 between	 traffic	 lights.	 This	 again	 required	
using	the	stop	lines.	As	Figure	13	shows,	when	a	car	passed	the	entry	line,	its	time	is	




are	being	added	 to	 the	exit	dataset.	Therefore,	 the	variable’s	 value	was	artificially	
low.	 









current	 car’s	 entry	 time.	As	a	 result,	 the	WaitTimes	 statistic	would	be	 identical	 to	





a	 parameter	 for	 each	 light.	 Since	 Rule	 2	was	 only	 supposed	 to	 analyze	 the	 lights	
every	15	minutes,	 this	event	had	a	 cycle	of	15	minutes,	 as	 shown	 in	Figure	14.	At	
each	occurrence,	the	event	would	find	the	average	wait	time	for	each	direction,	add	
up	 the	 times	 of	 corresponding	 directions,	 and	 then	 compare	 these	 times.	 If	 the	
average	wait	time	between	the	left	and	right	directions	was	20	seconds	larger	than	
that	 of	 the	 top	 and	bottom	wait	 time,	 the	 light	 parameter	 for	 the	 top	 and	bottom	
would	be	 subtracted	by	 five,	meaning	 that	 the	 green	 light	 for	 the	 top	 and	bottom	
















few	 areas	 in	 which	 our	 detailed	 design	 could	 have	 been	 improved.	 Namely,	 this	
included	 having	 an	 arrival	 rate	 that	 was	 constant	 and	 not	 aggregating	 the	 mean	
arrival	 times	 between	 the	 intersection	with	 and	without	 the	 traffic	 rules	 in	 place.	
Therefore,	several	steps	were	taken	to	ensure	that	our	simulation	and	results	were	
better	founded.	 





system	 would	 be	 most	 efficient.	 This	 is	 because	 both	 directions	 of	 traffic	 always	
need	a	 green	 light	 the	 same	amount	 and	 so	 there	 is	no	 reason	 to	 employ	a	 smart	
traffic	 light	 system.	 However,	 in	 an	 intersection	 in	 which	 cars	 are	 arriving	 at	
different	rates,	which	is	realistic,	we	begin	to	see	how	the	traffic	light	rules	help	the	
efficiency	of	the	system.	 
	 The	 second	 issue	 with	 our	 original	 detailed	 design	 of	 not	 aggregating	 the	
average	 wait	 times	 was	 fixed	 by	 implementing	 two	 parameter	 variations.	 A	



















































● The	simulation	model	will	have	no	errors	 for	each	run	 in	which	 the	data	 is	
output.		
Brooke:	 Simulation	 Mechanics	 Functionality	 –	 to	 ensure	 mechanics	 of	 the	
simulation	model	work	properly	and	have	no	logical	flaws 










The	 next	 procedure	 used	 for	 the	 evaluation	 of	 our	 team’s	 project	was	 unit	
testing.	 Unit	 tests	 evaluate	 the	 effectiveness	 of	 the	 system	 by	 breaking	 down	 the	
system	 into	 very	 small	 elements	 and	 then	 testing	 each	 one	 of	 these	 elements	




for	 each	 object:	 correct	 numbers	 based	 on	 collected	 data	 to	 be	 input,	 proper	
settings,	correct	corresponding	connections,	and	intended	function. 










With	 the	 peer	 and	 unit	 testing	 completed,	 the	 only	 step	 left	 in	 the	 testing	
procedure	 was	 the	 full	 system	 test.	 The	 full	 system	 test	 differed	 from	 the	 other	




● All	 usable	 settings	 of	 the	 simulation	model	 shall	 be	 able	 to	 be	 run	 for	 the	
entire	length	of	simulation	duration	without	errors.	












none	of	 the	 time	saving	sules	were	 implemented	 in	our	 traffic	system.	The	second	
output	 is	 the	 average	 time	 in	 system	 for	 when	 one	 of	 the	 time	 saving	 rules	 was	
implemented.	 This	 time	 saving	 rule	 states	 that	 if	 the	 average	 time	 spent	 in	 one	
direction	 of	 the	 intersection	 is	 20	 seconds	 longer	 than	 the	 average	 time	 spent	

















system	 for	 13	 out	 of	 the	 20	 runs	 of	 the	 model.	 Furthermore,	 Rule	 1	 decreased	
30 
overall	time	in	system	as	the	average	for	the	output	data	without	Rule	1	=	66.272	s	
and	with	Rule	1	=	62.342	s.	Also	 interesting	to	note	 is	 the	fact	 that	Rule	1	seemed	
most	effective	with	longer	traffic	light	phase	times	as	opposed	to	shorter	ones.	This	
might	be	explained	by	the	 fact	 that	 the	 longer	 traffic	 light	phases	 led	 to	extremely	








used	 from	 the	 previous	 data	 output	 section	 and	 a	 95%	 level	 of	 significance	 was	
used.	 As	 the	 true	 variance	 of	 our	 data	 sets	 is	 unknown,	 a	 t-test	 was	 used.	 The	
subscripts	1	and	2	 in	 the	calculations	correspond	 to	 the	 first	data	set	 that	did	not	
include	Rule	1	and	the	second	data	set	that	did	include	Rule	1.	The	hypothesis	to	be	
tested	began	with	a	null	hypothesis	 that	claims	 that	 the	 true	value	of	 the	mean	of	
data	 set	 2	 is	 equal	 to	 the	 average	 of	 data	 set	 1.	 Its	 opposing	 alternate	 hypothesis	
claims	 that	 the	 true	 value	 of	 the	mean	 of	 data	 set	 2	 is	 less	 than	 the	 value	 of	 the	
average	 of	 data	 set	 1.	 If	 our	 Rule	 1	 is	 effective	 then	 the	 null	 hypothesis	 will	 be	























elements	 of	 our	 project	 at	 hand.	 Operating	 with	 transparency	 for	 science	 and	
engineering	 purposes	 implies	 that	 the	 parties	 operate	 with	 openness	 of	
communication	of	activities	and	accountability.	This	is	especially	important	when	a	
paper	is	being	published,	but	our	main	focus	was	to	operate	with	transparency	with	
our	 teammates,	 research	 advisor,	 sponsor,	 and	 departmental	 advisors.	 This	









In	 efforts	 to	 conserve	 on	 gas	 emissions	 and	 fuel	 usage	 by	 using	 our	
simulation,	we	were	able	 to	provide	a	significant	amount	of	savings	of	 the	natural	
resource	we	 use	 daily.	With	 this	 savings	 of	 gasoline,	we	were	 able	 to	 produce	 an	


















	 As	may	 be	 seen	 in	 the	 above	 table,	 the	 benefits	 of	 our	 research	 efforts	 on	
society	would	be	worthwhile	if	implemented	as	money	and	gasoline	are	saved.	5%	
time	saved	on	every	 trip	would	be	beneficial	 to	any	driver	 in	 terms	of	 saved	 time	















	 For	 the	advancement	of	connected	vehicle	 travel	 into	the	realm	of	practical	
use,	significant	study	from	researchers	in	a	broad	array	of	disciplines	still	needs	to	
be	performed.	This	process	will	undoubtedly	take	many	years,	but	steady	progress	
is	 currently	being	made.	Our	 senior	design	group,	with	 funding	 from	Volkswagen,	
was	 able	 to	 contribute	 to	 the	 large	 engineering	 task	 of	 improving	 coordination	 of	
vehicles	 and	 traffic	 systems.	 Our	 findings	 focus	 on	 algorithms	 involving	
communication	 between	 traffic	 queues	 and	 	 length	 of	 traffic	 light	 intersection	
phases.	 Of	 the	 two	 algorithms	 proposed,	 one	 (Rule	 1)	 was	 determined	 to	 be	
successful	in	improving	time	for	cars	to	pass	through	a	given	system.	Perhaps,	in	the	






opportunities	 for	 improvement	 and	 expansion.	 One,	 the	 model	 could	 be	 more	
focused	on	 the	 communication	between	drivers	 instead	of	between	queue	 lengths	
and	 traffic	 lights.	 This	 might	 be	 a	 more	 effective	 way	 of	 preventing	 wrecks	 and	
coordinating	 the	 fastest	 way	 through	 traffic	 systems.	 Two,	 our	 second	 algorithm,	
Rule	 2,	 could	 have	 been	 improved	upon	 and	until	 it	was	 effective	 for	 saving	 time	
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